To evaluate the performance of synthesized AIEMs, membranes were physico-chemically characterized by means their ion exchange capacity (IEC) both cation and anion exchange group, ionic conductivity (IC), water uptake, number of water molecules per ionic site (λ) and dimensional changes. The details are given in ESI section.
S-1 Physicochemical characterization of amphoteric ion exchange membrane:
To evaluate the performance of synthesized AIEMs, membranes were physico-chemically characterized by means their ion exchange capacity (IEC) both cation and anion exchange group, ionic conductivity (IC), water uptake, number of water molecules per ionic site (λ) and dimensional changes. The details are given in ESI section.
Water Uptake behavior of prepared membranes was determined by recording the weight gain after equilibrating in water for 24h. Membrane samples of 2×2 cm 2 were dipped in DI water for 24 h; subsequently membrane samples were weighted after wiping surface. Dry weight of sample was also calculated on vacuum drying at 100 o C for 2h. Water uptake (Ø w ) for membranes was calculated by using following formula:
Where, W wet and W dry are the wet and dry weight of membrane samples.
Linear expansion ratio of membranes were evaluated by taking volume difference in wet and dry condition and calculated by following equation:
Where, V wet and V dry are volume of wet and dry membrane samples respectively.
IEC of membrane samples was calculated by simple acid-base titration for cation exchange group CEMs and classical Mohr's method for anion exchange group by using following equation [1, 2] :
S-2 Ionic Conductivity
Ionic conductivity of the membranes was measured in water using potentiostat/galvanostat (CH-608E). Membrane sample of 1 cm 2 are immersed in NaCl (0.1M) for 24 h and then washed with DI water in order to remove excess of NaCl. Membrane samples are sandwiched between two circular steel electrodes (1 cm 2 ). Membrane samples resistance was obtained by Nyquist plot and ionic conductivity (σ) was calculated from the equation:
…………………………………….. (4) Where A is the surface area of membrane sample, R is the resistance of membrane sample and L is the distance between the electrodes used to measure the potential.
S-3 Methanol permeability:
Methanol permeability was determined by taking a two half-cell stainless steel setup having area 10.2 cm 2 and capacity 100 ml. Details of the experimental setup is given in ESI. The We calculate selectivity for a given membrane from following equation [3] .
Where, P M is the methanol permeability (cm 2 / s), and σ is the membrane conductivity (S.cm -1 ).
A membrane should block the passage for methanol and allow only protons to pass through it for the application of direct methanol fuel cell (DMFC). The value for methanol permeability and selectivity are listed in table.3 and Figure 6 . From the data it is clear that all three AIEMs S 3
shows the permeation of methanol in the order of 3.0x 10 -7 cm 2 sce -1
. The agglomerations of ionic clusters in form of functional group restrict the passage of methanol. As AIEMs contains both acidic and basic group thus the lowest quantity of methanol that can be passed through the membrane is also repelled by the preexisting basic groups present in the membrane. As a result ZWMO shows lowest value of methanol permeability with value 2.97×10 -7 cm 2 /sec while it is slightly higher for ZWA and ZWMI which are 3.23 cm 2 /sec and 3.41 cm 2 /sec respectively.
For the suitability of membrane for fuel cell, selectivity of the membrane was calculated, which is related with the membrane conductivity and methanol permeability. ZWMO shows maximum selectivity value i.e. 2.43 x 10 5 . All above results states that prepared AIEMs deliver better results and can be applicable for DMFC (Table S- 
